Many arthropod species are associated with carrion and some of them can be used as forensic indicators in murder investigations to estimate the time of death. Different physical conditions of cadavers may influence the fauna and the importance of freezing and thawing is unknown. The present paper sought to survey the Coleoptera species encountered in frozen and fresh rabbit carcasses, at a forest in Curitiba, Brazil. Four rabbit carcasses, two of them fresh and the other frozen were used. The coleopterofauna was sampled daily, and analyzed using non-parametric tests. A total of 666 beetles were sampled, belonging to 28 species in 10 families. Most of the beetles captured were larvae of Oxelytrum spp. (433) which are known to be necrophagous. The two frozen carcasses accounted for most of the beetles (338 and 180) in comparison with the two fresh carcasses (103 and 45). The tests were based on the most abundant species. Oxelytrum spp. median differed significantly between carcasses (H = 12.47844; p = 0.0059). The two fresh carcasses differed significantly (U = 190.0; p = 0.00019), but there was no significant difference between the frozen carcasses (U = 336.0; p = 0.29755). The data indicate that the freezing process prevents certain species to colonize carcasses, in this case with the dominance of species of Oxelytrum. These data also indicate that careful attention is necessary before using frozen carcasses in forensic entomology studies. Palavras-chave: besouros, fauna necrófaga, entomologia forense, Oxelytrum spp. e carcaça de coelho.
Introduction
Carrion represents a micro-habitat providing a temporary, changing food source for a distinct community of organisms (Tullis and Goff, 1987) . The main organisms associated with this process are bacteria, fungi and various groups of arthropods (Putman, 1978 ). The cadaveric fauna could then be used to establish time of death (postmortem interval) and to know if a human body has been moved or partly concealed during decomposition (Smith, 1986) . Among this fauna, Coleoptera is one of the most important orders, and it is considered the main entomological evidence when skeletal human remains are found (Kulshrestha and Satpathy, 2001 ) and when the remains are recovered outdoors (Goff, 1991) .
However the entomological data may depend on the previous and posterior conditions of death, as these factors affect the succession (Byrd and Castner, 2001) , which is used in the PMI estimation. This happens because the environmental variables may slow down or speed up insects arrival. Among these factors, season, environmental temperature and air humidity affect insects development (Marchenko, 2001 ) and species presence (Archer and Elgar, 2003) . Body access is another important factor (Mann et al., 1990) . Conditions in which the body is buried (Corrêa and Almeida unpublished data), enclosed in cars (Voss et al., 2008) , or wrapped in blankets (Goff, 1992) may alter the entomological succession.
Some studies addressed that different physical conditions of corpses may influence the fauna. It is known that the fauna changes in buried, burnt or hanged carcasses (Motter, 1898; Avila and Goff, 1998; Vanlaerhoven and Anderson, 1999; Shalaby et al., 2000) . In burnt corpses, fly oviposition may occur faster and the decomposition process can be hastened by four days (Avila and Goff, 1998) . Few studies addressed the importance of freezing and thawing over the body (Micozzi, 1986; Stokes et al., 2009) and no studies were found about their effects over the fauna. Such studies are necessary as small changes may alter the whole entomological succession in a highly competitive environment and many studies use defrosted carcasses in succession entomological studies (Payne, 1965; Tullis and Goff, 1987) .
It is known that freezing/thawing allows the formation of ice crystals that lead to body dehydration (Stokes et al., 2009) , which alter the growth pattern of enteric fauna. Another effect is that the external parts of the body would be the first to thaw being then directly exposed to microorganisms from outside (Zugibe, 1993) . Therefore, the body decomposition process occurs "outside-in", while normally it happens "inside-out" (Micozzi, 1986) . If the freezing is caused by low environmental temperatures, it is known that at 5-13°C flies will continue visiting the carcasses, but at 0°C their eggs will die. However, fly larvae may survive if they stay inside the body (Mann et al., 1990) . The low temperatures effect to carrion beetles is unknown. Gunn (2006) mentioned that murderers sometimes store their victim's body in a freezer before disposing of it, which was also reported by Zugibe and Costello (1993) in the USA, where a human body was stored in a freezer prior to disposal. The freezing/thawing process can also be due to a cold environment or to a deliberate preservation prior to burial or experimental procedures (Stokes et al., 2009) . In this way, it is necessary to study their effects over the entomofauna to analyse the results when such process is confirmed. Day and Wallman (2006) tested if the freezing/thawing affects the growth of Callliphora augur (Fabricius), and concluded that there was no significant effect. However the effects of this process over the entomological succession, remains unknown.
The present paper sought to survey the Coleoptera encountered in frozen and fresh rabbit carcasses.
Materials and Methods
The experiment took place from December 2007 to January 2008 in the "Mata Viva" Reserve (25°26'45" S 49°13'58" W; 900 m over sea level), located at Universidade Federal do Paraná (Curitiba, Paraná, Brazil). The average annual temperature varies between 17-18°C and annual relative humidity between 80-85% (IAPAR 2011). The vegetation is Mixed Rain Forest in different successional stages (Reginato et al., 2008) .
Four rabbit (Oryctolagus cuniculus L., 1758) carcasses weighting approximately 1 kg were used as bait to sample the Coleoptera. The rabbits were killed by cervical dislocation, being two of them frozen two days prior to the beginning of the experiment and the other two being killed at the local. The carcasses were placed inside metallic cages, 8 meters away from each other, under direct sunlight. Active samplings were conducted daily to capture both immature and adult specimens, which were stored in plastic jars and killed, mounted and identified in laboratory. The samplings were made for 30 days, time period in necessary for the carcass to reach the dry remains stage. The identification was done using keys (Mazur, 2002; Navarrete-Heredia et al., 2002; Almeida and Mise, 2009 ) and specialists help.
Diversity indexes were calculated in Past 1.91 (Hammer et al., 2001 ) and statistical tests were conducted using Statistica 7.0 (Statsoft, 2004) . The tests were based on the most abundant species, to verify the possible good forensic indicators. First a Kolmorogov-Smirnov test was done to verify if the data fit a normal distribution, as it did not, log (x + 1) and x + 0 5 . transformations were tried, which again did not fit a normal distribution. As the premises of ANOVA were not met, a non-parametric test (Kruskal-Wallis) was used instead to compare all carcasses. To compare frozen x frozen and fresh x fresh, a Wilcoxon-Mann-Whitney test was used to see if they differed significantly. To compare the diversity found on the carcasses Shannon and Berger-Parker diversity indexes were used.
Results and Discussion
A total of 666 beetles were sampled, belonging to 20 species in 10 families. Silphidae had the greater number of specimens, followed by Staphylinidae, Leiodidae and Histeridae. The low number of Staphylinidae was not expected, as species of this family were abundant in 15 kg pig carcasses (Mise et al., 2007 (Mise et al., , 2008 , probably because of the difference in carcass size. Most of the beetles captured were larvae of Oxelytrum spp. (433) which are known to be necrophagous. Such high number was ex-pected as O. discicolle (Brullé 1840) was previously encountered in laboratory-bred Rattus norvegicus (Berkenhout, 1769) carcasses (Moura et al., 1997) and Sus scrofa L., 1758 carcasses (Mise et al., 2007) , in the same study area. It was also recorded in rabbit carcasses at Rio Grande do Sul state, south of Brazil and in human corpses in Cali, Colombia (Barreto et al., 2002) and São Paulo state, Brazil .
The succession is illustrated (Tables 1-4) , indicating that when analyzed in a week-basis, most species arrival and departure times occur only one time, with few recolonizations. These data are different from the ones obtained by Mise et al. (2007) , probably because small carcasses enable only one generation before disappearing.
The frozen carcasses accounted for most of the beetles (338 for frozen 1, and 180 for frozen 2) in comparison with the fresh (103 for fresh 1, and 45 for fresh 2). Regarding the richness, the lowest value was measured in the last frozen carcass, mainly due to the great number of ants found. The richness varied, with 12 and 10 species in the fresh carcasses and 11 and 7 species in the frozen carcasses (Table 5 ). Comparing the fauna found on the carcasses, the higher Shannon diversity index was found on the fresh ones, which indicates that the freezing process reduces species eveness on carcasses. This is corroborated by the Berger-Parker index, a dominance measure, which was higher on the frozen carcasses because of the high abundance of Oxelytrum species. As Oxelytrum spp. accounted for 65.01% of the specimens and they are known to feed and breed on carcasses (Peck and Anderson, 1985) , their abundance was used to test if the genus can be an indicator when a freezing process occurs.
The median differed significantly when all carcasses were used (H = 12.47844; p = 0.0059). A WilcoxonMann-Whitney test was conducted to test if they differed significantly between treatments (fresh x fresh; frozen x frozen). The two fresh carcasses differed significantly (U = 190.0; p = 0.00019), but there was no significant difference between the frozen carcasses (U = 336.0; p = 0.29755). The data indicate that the freezing process prevents certain species to colonize carcasses, probably 546
Braz. J. Biol., 2013, vol. 73, no. 3, p. 543-548 Mise, KM., Corrêa, RC. and Almeida, LM. (Micozzi, 1987) , even during the thawing process in environmental temperature (Micozzi, 1986) , reducing also the smell liberated during the first hours. This could be observed in the present study, as the initial decomposition process took longer in the frozen carcasses, but as the study did not aim to compare their decomposition, only their fauna, this could not be measured. Such factors may have benefited beetles, mainly Oxelytrum spp., over other competitors, including flies. These data indicate that a careful approach is necessary before using frozen carcasses in forensic entomology studies, as they may present a different entomological succession. There is a need of studies using larger carcasses and repetitions to define the limit that separates the abundance between frozen and fresh carcasses.
